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Sediment data for Total PCBs

Overview of the following slides:

* concentrations of sediment PCBs by depth interval;

» maps of sediment PCBs by depth interval;

 examination of sediment PCBs in the oxbow and effects of removing these
PCBs on the concentrations in the rest of the sediment;

» statistical demonstration of clustered (grouped) high PCBs in the oxbow;

« removal of the very high PCBs in the two cores at the entrance of the
oxbow leads to no longer having a cluster of high values in the oxbow; and

» mass and volumes of PCBs that would be removed if a forty-foot reach out

were used as in the Plainwell impoundment.



Sediment data for Total PCBs

Descriptive Statistics
* 47 of 281 sediment samples analyzed (~17%) have Total PCBs >= 1.0 that
are somewhat uniformly spread over the sampling area, although the higher
values are concentrated in the oxbow to the southwest



Statistics of Field_River_Tot_PCBs

RESULTS

Statistics:

Total PCBs. all depths

Count: 281
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Sediment data for Total PCBs

Data Posting (maps) of Depth-Weighted Average (DWA) Total PCBs by interval

* see following slides
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Sediment data for Total PCBs

Exploration of elevated Total PCBs in the southwest oxbow assuming that Total
PCB values in sample cores P2RT-6-2 and P2RT-6-4 are removed.

* see following slides



Elevated PCBs within orange polygon
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Selection Statistics of Field_River Tot PCBs_flds1

All Total PCB values in these sample cores
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Sediment data for Total PCBs

Effect on Total PCBs concentrations in the river sediment if elevated PCBs in
southwest oxbow are removed (see following slides).

« summary of changes in mean (average) and median PCB concentrations in

the top 6 inches:
mean (average) median

all sample cores 3.04 ppm}a ) 0.248 ppm}6 )

excluding P2RT-6-2 and P2RT-6-4 1.73 ppm } L, 0.231 ppm }s

excluding all oxbow cores 1.25 ppm 0.189 ppm

excluding all oxbow cores and P2RT-18-1 0.69ppm / 0.183 ppm
Legend:

a = 1.8 fold drop
B = 2.4 fold drop
v = 4.4 fold drop

0 = 1.1 fold drop
e = 1.3 fold drop
C = 1.4 fold drop

/

34



All sample locations and values
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All sample locations and values, excluding

orange polygon
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Selection Statistics of Field_River_Tot PCBs_flds1

All Total PCB values in top 6 inches of these sample cores
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All sample locations and Values, excluding All Total PCB values in these sample cores
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All sample locations and values, excluding
orange polygons
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Statistics:

All Total PCB values in these sample cores
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b awirum: .12
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Selection Statistics of Field_River_Tot_PCBs_flds1

All Total PCB values in top 6 inches of these sample cores

|
Statistics:

Count: 101

Minimum: 0.029

I awimnurm: 8.12

Sum: 70.044

Mean: 0693505
Standard Deviation: 1.327796

median: 0.183
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“ FIELDS + “ Geostatistical Analyst * || Spatial analyst *

Mearn: 0422746
Standard Deviation: 0.960339

s

Frequency Distribution
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Statistics:

Frequency Distribution
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All Total PCB values in top 1 foot of these sample cores

Count: 145

Minimurm: 0.0239

b airum: .12

Sum; 80.754

Mearn:  0.556324
Standard Deviation: 1.142724
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Total PCB values in P2RT-18-1 core

Total PCB (ppm)
o 002-1
0-2" 421 ppm G 1-5
2-6" 17 pPpm o 5-10
6-12"  0.219 ppm @ 10-50
12-18"  0.065 ppm ® 50 -100
E River boundary (ARCADIS)

P2RT-18-1:




Sediment data for Total PCBs

Cluster Analysis (Getis-Ord) of Total PCBs by thickness (see following slides)

e summary of results:
high values are clustered (grouped) near other high values, i.e., the oxbow



Total PCBs, top 6 inches

. High/lLow Clustering (Getis-Ord General G)

General G Index = 0.01
Z Score = 3.24 standard deviations

P e T .

Cluster Cluster

Zignificance Level:  [0.07 005 010 RaMDOmM 010 005 0.
Critical Yalusz:  [-258] [-195] [-155) [165] [196] [258)

There iz lezz than 1% likelihood that the clustering of high
values could be the result of rahdom chance.

Cloze

Total PCBs, top 12 inches

. High/Low Clustering (Getis-Ord General G) E]E|E|

General G Index = 0.07
Z Score = 3.25 standard deviations

oo Ml U 0, ||

Cluster Cluster

Significance Level: 0,07 0,05 0,10 RaMDiomM 010 005 0.0
Critical Yaluss:  [-258] [-196) [-165) [165] [138) [25%)

There iz legz than 1% likelihood that the clustering of high
values could be the result of random chance.

Cloze

Total PCBs. top 24 inches

. High/lLow Clustering (Getis-Ord General G)

General G Index = 0.01
Z Score = 2.82 standard deviations

P e T .

Cluster Cluster

Zignificance Level:  [0.07 005 010 RaMDOmM 010 005 0.
Critical Yalusz:  [-258] [-195] [-155) [165] [196] [258)

There iz lezz than 1% likelihood that the clustering of high
values could be the result of rahdom chance.

Cloze

Total PCBs. top 36 inches

w. HighflLow Clustering (Getis-Ord General G) g@@

General G Index = 0.01
Z Score = 258 standard deviations

o il LW V0, OO |

Cluzter Cluzter

Tignificance Level: 007 005 010 FRamMDom 010 005 0.0
Critical Yalusz:  [-258] [-195] [-155) [165] [196) [258)

There iz lezz than 1% likelihood that the clustering of high
values could be the result of random chance.

Cloze




Total PCBs, top 48 inches

. High/lLow Clustering (Getis-Ord General G)

General G Index = 0.01
Z Score = 2.28 standard deviations

Lo 5 -y Highs

Cluster Cluster

Zignificance Level:  [0.07 005 010 RaMDOmM 010 005 0.
Critical Yalusz:  [-258] [-195] [-155) [165] [196] [258)

There iz lezz than 5% likelihood that the clustering of high
walues iz the result of random chance.

Cloze




Sediment data for Total PCBs

Cluster Analysis (Getis-Ord) of Total PCBs by thickness Total PCB values if
sample cores P2RT-6-2 and P2RT-6-4 are removed (see following slides)

e summary of results:
no longer are high values clustered (grouped) near other high values, 1.e.,
the oxbow cluster is gone



| Highfl.ow Clustering (Getis-Ord General G)

All Total PCB values in these sample cores

General G Index =0
£ Score = -0.74 standard deviations

o R

Cluzter

Significance Level: 007 0.05 010 RaMDOM 010 005 0m
Critical Yalues:  [-2.58) [-196] [-165) (165) [196] [2.58)

Mo apparent clustering iz detected at this scale.

i High/lLow Clustering (Getis-Ord General G)

All Total PCB values in top 1 foot of these sample cores

General G Index =10
£ Score = -0.42 standard deviations

e W e

Clusgter

Significance Level: 007 0.05 010 RaMDOM 010 005 0m
Critical Yalues:  [-2.58) [-196] [-165) (165) [196] [2.58)

Mo apparent clustering iz detected at thiz zcale.

Cloze

Highz
Cluzster

Highz
Clugter

il High/Low Clustering (Getis-Ord General G)

All Total PCB values in top 6 inches of these sample cores

General G Index =10
& Scaore = -0.38 standard deviationz

Lowsz ¥ o Y Highs

Cluzter Cluzter

ignificance Level: 107 005 010 RAMDORM 010 005 0m
Critical Walues:  [-258) [-198] [-165] (165) [136) [2.58]

Mo apparent clustening iz detected at thiz scale.

Cloze




Sediment data for Total PCBs

Estimates of mass and volume of Total PCBs in the 40-foot sediment removal
boundary along shoreline. (Total PCBs are from Natural Neighbor estimates of
Depth-Weighted Average (DWA) Total PCBs by interval.)

* see following slides
» used “Remediation and Mass/Volume” tool in FIELDS Tools for ArcGIS

Forty-foot sediment removal boundary
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4 r— r; % i e




0-2” DWA interval & 2-6” DWA interval & 6-12” DWA interval & 12-24” DWA interval

Mass Volume Report

Summary

MaSS-VOLUME REPORT
Faster Lavers:
Grid: 0_2nn2ft_40 : Source =

nn2ft_40
Grid: 2_Bnn2ft_40 : Source =

nn2ft_40

Grid: 6_12nn2ft_40: Source =

[:hgizhprojectsifields\Kalamazoohsamplepts\AR CADISYSRI_Area_1_Phaze_2%Plainwel_No_2_Dam_Areajohn_shapefiles\0_2

D:hgizsprojectsihields\Kalamazoossamplepts\AR CADISNSRI_Area_1_Phasze_2\Plainwel_Mo_2_Dam_sreatjohn_shapefiles\2_E

bl

Marne | Taop Depth finches) | Eattor Depth finches) |

Min. Canc. |

t & Cotic. |

Dersity (Ib/yd3] |

Yl fou pd) |

Mass [Ib] |

ol [izu ) |

tass (ka) |

0_2nn2ft_40
0_2nn2ft_40
0_2nn2ft_40
0_2nn2ft_40
0_Znn2ft_40
Subtotals:

2 Brn2ft_40
2 _Brn2ft_40
2_Bnn2ft_40
2_Bnn2ft_40
2_Enn2ft_40
Subtotals:

E_12nn2ft_40
B_12nn2ft_40
B_12nn2ft_40
B_12nn2ft_40
B_12nn2ft_40
Subtatals:

12_24nn2ft_40
12_24nn2ft_40
12_24nn2ft_40
12_24nn2ft_40
12_24nn2ft_40
Subtotals:

GRAMND TOTALS:

Frint Surrmary

Pririt Detailz

i

2

Save Text

o 0999
1 4.333
] 3333
10 43,933
50 100

0.999
4.999
3999
43,333
100

0333
4333
3333
43933
100

0939
4.933
3333
43,933
100

2500
2500
2500
2600
2600

2500
2500
2500
2500
2500

2500
2600
2600
2500
2500

2500
2500
2500
2600
2600

3.287.55555
2,185,30964
33390123
E71.30864
0.00000
£.458.07407

£,288. 24691
4 66014814
753.95062
E04.33765
2.56790
129150022

18.018.58887
1.306.88889
3474074
548148
0.00000
19,365.93333

36.188.53256
2,567.40740
0.00000
0.00000
0.00000
38,755.99336

7749597523

310100
10.42488
6.02355
23.78738
0.00000
43.33771

5.41962
27.89377
13.214597
29.61932

0.41234
76.56062

1211509
475238
060317
0wz
0.00000

17.64976

14.75738
1013336
0.00000
0.00000
0.00000
24.89184

168.43933

251351657
1.655.43724
25528581
513.26228
0.00000
4,937.56130

5,266, 44264
356293830
5831.02394
462 54625
1.96330
3.874.31502

13.776.42902
939.18825
26.66120
413089
0.00000
14,806.36937

2766816424
1.962.92380
0.00000
0.00000
0.00000
29,631.08805

53,243.92434

1.40653
472865
273237
13.61160
0.00000
2237921

2.45830
12.65240
5.93421
13.43537
018704
372N

5.49531
215564
027389
0.08125
0.00000
5.00520

6.63406
4.53663
0.00000
0.00000
0.00000
11.29075

76.40307

0K




Sediment data for Total PCBs

Estimate of mass and volume of Total PCBs in the oxbow sediment. (Total PCBs
are from Natural Neighbor estimates of Depth-Weighted Average (DWA) Total
PCBs by interval.)

* see following slides
e used “Remediation and Mass/Volume” tool in FIELDS Tools for ArcGIS

Define Layers for Mass ,Volume and Reme diation @
Select Intervals

e 0_2nn1it_ox 1]
St G |E—1 2nnlft_ox ﬂ 2 Brnlit_ox 2
E_12nn1ft_ox B

Top Depth: 5 Concentration

Urits:

Bottorm Depth: |12 Depth l—_l <
- - Urits: . .
Add Grid to List Remaove Grid From List

 Total Depth Gid | | Depth Units:
inch
{* SetSingle Value For Depth 12,001 mnenes ud
Concentration Fanges
(" Calculate Remediation and Mags/\Volume ] 0.939
1 4993
@+ Calculate MassMolume Onlp [No Remediation) 150 ggsggg
Min Concentration: PP 50 100
2w Concentration: PP < »
| Add Hange o List | Remave Range from List |
Sediment/S oil Dengity
@ Dry Density [2500 |<Soil£sed nk specified)j o | Cancel

et Density Denzity Units:
Reset Values
% Solids: bAd3 - 4




Oxbow polygon used for instream data
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0-2” DWA 1nterval ;

Grid: 0_2nnlft_ow
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2-6” DWA interval
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6-12” DWA interval i
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0-2” DWA 1interval 2-6” DWA interval 6-12” DWA interval

Mass Volume Report

Summary
MA55-OLUME REPORT

Faster Layers:

Grid: 0_2nnift_ox: Source =

[:\gizhprojectethieldsk alamazootsamplepts\aRCADISASRI_Area_1_Phase_2%Plaimwell Mo_2_Dam_sreakjohn_shapefilesh0_2
nin i _ax

Grid: 2_Brin1ft_ox: Source = ;
[:\gizhprojectsifieldsik alamazoohzamplepts\ARCADISASRI_Area_1_Phaze 2%Plaimwell Mo_2_Dam_Areakjohn_shapefilesh2 &
nnit_ox

Grid: B_12nnTit_ox: Source =

M ame Top Depth [inches]l Bottom Depth finchesz) | Min, Conc. | Max. Conc. J Dengity [Ibyd3] | Yol [cu pd) | Mazs [Ib]l Wal [ m) | Mass [ka) l
0_2nnlft_ow a 2 ] 0959 2500 6.01852 041z 460149 0.00&40
0 2nnlf_ow 1 4999 2500 92351234 37a182 70R.07585 1.71540
0 2nntf_ow 5 9999 2500 11.24074 022072 259416 0100z
0_2nn1ft_ox 10 43939 2500 136.07407 408040 10403509 1.85084
0_2nn1ft_ox 50 100 2500 0.00o00 n.a0oaa [0.00000 0.00oa0
Subtatals: 1.0V6.84568 8.09706 823307599 AET2TE

0 2
0 2
0 2
0 2

2_Brnlft_ox 0939 2500 20840741 0.46006 15933330 0.20868
2_Bnnlft_ox 4339 2500 1.594.35802 10.14357 1218597417 460105
2_Bnn1ft_on 3933 2500 51.83351 0.80570 3363415 0.36546
2_Bnn1ft_on 43933 2600 298.20388 18.30563 227.39781 830332
2_Bnn1f_ox 100 2500 0.00000 0.00000 0.00000 0.00000
Subtotals: 2.152.81431 29.71503 1,645.34502 13.47851

E_12nnft_ox 0939 2500 2,254, 22222 2.48068 1,723 47655 112522
E_12nn1ft_ox 4.333 2500 974.03259 3.54476 74474722 160787
E_12nn1ft_ox 3333 2500 000000 0.00000 0.00000 0.00000
B_12nn1ft_ox 43933 2500 0.00000 0.00000 0.00000 0.00000
E_12nn1ft_ox 100 2500 0.00000 0.00000 0.00000 0.00000
Subtotals: 32283143 E.02544 246822377 273309

GRAMD TOTALS: 6.457.97530 43.83752 4,937 47639 13.88437

Frint Surmmary Frint Details Save Text (1]




Sediment data for Total PCBs

Estimate of mass and volume of Total PCBs in the river sediment. (Total PCBs are
from Natural Neighbor estimates of Depth-Weighted Average (DWA) Total PCBs

by interval.)

* see following slides
* use “Remediation and Mass/Volume” tool in FIELDS Tools for ArcGIS
» tool required less dense grid, grids resampled to 2-foot cells

* Resample EI@@ Define Layers for Mass,Volume and Remediation
@) Help Select Intervals
?Ei;tn:lafsttju j g Output Cell Size (optional) Select Grid: |5_1 Zrn2ft_clp ﬂ 2:Bnn2ft:clp 2
. E_12nn2ft_clp E
Output Raster Dataset The cell size for the output Taop Depth: 3 Eiriqtgentranon

cell size is the cell size of < >

. S the input raster dataset Units:
Qutput Cell Size (optianal) j Add Giid to List Remove Grid From List
L=

B

B raster dataset. The default g
D:hgisiprojectsifieldsikalamazool sampleptstARCADISISRI_Area_1_ E :
| . Bottom Depth: (12 Depth ’—_|
[gll:8

Resampling Techingue (optional) .
| NEAREST ~| " Total Depth Grid | J Depth Units:

P =
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" Caleulate Remediation and Mass/Yalume 0 0,939
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+ Calculate MaszsMolume Only [No Remediation) 150 gsgggs
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Max Concentration: FP < >

| Add Range to List I Femove Range from List |
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@ Dry Density 2500 |<Soil.-"sed nat specified)j 0K ‘ B ‘
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Reset Values
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Raster Layers:

Grd: 0 Z2nn2ft_clp: Source =

[1:hgizhprojectsifieldsik.alamazonheamplepts AR CADIS NS RI_Area_1_Phase_2\Plainwel_Mo_2 D am_Areakjohn_shapefilest0_2
nn2ft_clp

Grid: 2_Bnn2ft_clp : Source = j
[:hgizhprojectshfieldshk alamazonhzamplepts AR CADISASRI_Area_1_Phaze_2\Plainwel Mo 2 Dam_Areakjohn_shapefiles'2_B
rnft_clp

Grid: E_12nn2ft_clp : Source =

Mame Top Depth [inches]l Bottom Depth [inches) | tin. Comne. ax. Conc. J Density [1b/wd3) | Yol [cu vd] | Maszs [Ib] l Yol [cu m) | b ass [kg]l
0_2nn2it_clp a 2 a 0933 2500 5.044.833350 432083 3.857 05655 1.95992
0_2nn2it_clp 1 4,999 2500 2,982.93827 14.58688 2.280.61334 E.75257
0 2nn2it_clp 5 9939 2500 52291353 953753 39979612 432615
0_2nn2it_clp 10 43959 2500 1.135.92532 £1.33004 863 47768 233103
0_2nn2it_clp 1] 100 Zh00 000000 n.oooao (0. 00000 [0.00000
Subtatals: 9,686.61727 8013532 740535029 36.34877

0 z
il 2
1] 2
1] 2

2_Enn2ft_clp 0333 2600 11.150.46912 872321 852014534 3.95678
2_Enn2ft_clp 4.333 2600 5.953.16043 36.18317 4 55610510 16.41241
2_Bnn2ft_clp 3993 2500 148217204 26.47673 113320244 12.00364
2_Ern2ft_clp 43933 2500 FEF.72839 34.45635 594.61602 15.62914
2_Bnn2ft_clp 100 2500 266790 0.41234 1.96330 018704
Subtotals: 19,372.03875 10625180 14.811.03221 43.135M

E_12nn2ft_clp 0993 2500 27 52274071 16.40625 21,042 64512 7.44175
E_12nn2ft_clp 4339 2500 1,483.18518 5.40041 113866377 2.44358
E_12rn2ft_clp 3333 2600 34.74074 060317 26.56720 0.27353
B_12nn2ft_clp 43,933 2500 0.48148 017312 413083 0.08125
E_12nn2ft_clp 100 2500 000000 0.00000 000000 0.00000
Subtotals: 29,052 14812 2258895 22.211.96098 10.24618

GRAMD TOTALS: 58.110.86414 20897608 44.428.94348 34.78335
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